A cell-type specific ganglioside of glomerular podocytes in rat kidney: An O-acetylated GD3  by Reivinen, Jukka et al.
Kidney International, Vol. 42 (1992), pp. 624—631
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A cell-type specific ganglioside of glomerular podocytes in rat kidney:
An 0-acetylated GD3. We recently described a monoclonal antibody
(clone 27A) that detected a membrane antigen specific for glomerular
podocytes in adult rat kidney. After binding in vivo, the antibodies
induced rapid changes in the foot processes. Here we show that in other
rat tissues the antigen is detectable only in cells of adrenal medulla, in
some cells of neural or neural crest origin, and in I to 5% of the cells of
a rat pheochromocytoma cell line PC-12. Attempts to isolate the antigen
revealed that it is an acidic, sialic acid containing lipid, as shown by thin
layer chromatography and immuno-overlay techniques. Further char-
acterization of the gangliosides extracted from rat glonieruli, bovine
kidney, rat adrenal glands, or from PC-12 cells by ion exchange, thin
layer, and gas liquid chromatography identified the antigenic lipid as a
modified disialosyllactosylceramide (GD3). The results of mild alkaline
treatment or periodate oxidation of the antigenic ganglioside, as well as
chemical 0-acetylation studies of standard gangliosides, showed that
the modified ganglioside is 0-acetylated, most probably at the 9-carbon
of its terminal sialic acid residue. To our knowledge this is the first
report of cell-type specific expression of gangliosides in the kidney.
The foot processes of podocytes, with their specialized
intercellular junctions, the slit diaphragms, cover the entire
urinary surface of the glomerular capillaries. Apart from their
structural role, podocytes synthesize basement membrane ma-
trix proteins, help to maintain the charge barrier of the glomer-
ular filter by synthesizing highly anionic molecules such as
heparan sulfate proteoglycans [1] and podocalyxin [2],and may
have still other functions in the regulation of the glomerular
filtration. Only a few of their surface proteins have been
described and almost nothing is known of their glycolipids.
We recently made monoclonal antibodies against solubilized
rat glomerular cell membranes [3, 4]. One of these, the IgG3 of
clone 27A, was specific for podocytes in adult rat kidney. It
recognized an antigen present at the membranes of all exocy-
totic organelles and at the cell surface of the podocytes, as
shown by immunoelectron microscopy. The antibodies bound
to podocytes in vivo and induced rapid morphological changes
in the foot processes and formation of subepithelial immune
deposits [3]. The antibody precipitated a 103 kD protein from
labeled and solubilized glomerular membranes. Attempts to
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isolate the antigen revealed that it is not a protein, but an acidic,
sialic acid containing glycosphingolipid [5].
Acidic glycosphingolipids, which exist mostly on the extra-
cellular leaflet of the cell membranes [61, include sulfolipids
with one or more sulfate groups, and gangliosides, with their
characteristic sialic acid component. The functions of sulfolip-
ids are not yet well known, but several important functions
have been ascribed to gangliosides. They may regulate growth
factor receptors [7—9], have an important role in cell-cell [10]
and cell-substratum [11—13] adhesion, and participate in cell
differentiation and morphogenesis [14, 15]. Mammalian kidneys
are rich in both types of these molecules. Many glycosphin-
golipids have been characterized from kidneys of several ani-
mals [16], but the expression of these molecules within different
parts of the nephron or within individual cell types of the
nephron has not been studied.
In this study we have characterized and isolated the novel
27A podocyte antigen and studied its distribution in adult rat
tissues. We present evidence that the antigen is O-acetyl-GD3,
and that in extrarenal tissues it is only detected in adrenal
medullary cells and in some other cells of neural or neural crest
origin.
Methods
Materials
Sugar standards Gic, Gal, G1cNAc, GalNAc, Fuc, and myo-
inositol, as well as orcinol, N-acetylimidazole, 3,3 -diami-
nobenzidine, and the protease inhibitors pepstatin A, antipain,
and phenylmethylsulfonylfluoride, were purchased from Sigma
Chemical Company (St. Louis, Missouri, USA).' Benzamidine
was obtained from Calbiochem (La Jolla, California, USA),
NeuAc, BSA, the purified gangliosides GM3, GM2, GM1,
'The abbreviations used are: BSA, bovine serum albumin; FCS, fetal
calf serum; DHS, donor horse serum; PBS, phosphate-buffered saline;
HPTLC, high-performance thin layer chromatography; GLC, gas liquid
chromatography; IF, immunofluorescence; ER, endoplastic reticulum;
Gic, D-glucose; G1cNAc, N-acetyl-D-glucosamine; Gal, D-(+)-galac-
tose; GalNAc, N-acetyl-D-galactosamine; Fuc, a-L-( —)-fucose;
NeuAc, N-acetylneuraminic acid; GM3, GM2, GM1, GD3, GDIa,
GD2, GDIb, GTlb, and GQlb gangliosides correspond to II3NeuAc-
LacCer; II3NeuAc-GgOse3Cer; H3NeuAc-GgOse4Cer; H3(NeuAc)2-
LacCer; IV3NeuAc, II3NeuAc-GgOse4Cer; 113(NeuAc)2-GgOse3Cer;
113(NeuAc)2-GgOse4Cer; IV3NeuAc, 113(NeuAc)2-GgOseCer; and
1V3(NeuAc)2, 113(NeuAc)2-GgOse4Cer according to IUPAC-IUB Com-
mission on Biochemical Nomenclature (CBN) [17].
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GD1a, and GT1b from Boehringer (Mannheim, Germany), and
GD3 and GD2 gangliosides from BioCarb (Lund, Sweden). The
rat brain ganglioside mixture used as a standard was prepared in
our laboratory as described below. Silver carbonate was from
BDH Chemicals Ltd. (Poole, UK). All organic solvents, chlo-
roform, methanol, dried methanol, dried pyridin, hexane, and
acetic anhydride were of analytical grade. These and the silica
coated HPTLC-plates (no. 5547, without fluorescent indicator)
and sodium metaperiodate were purchased from Merck (Darm-
stadt, Germany). Polyisobutylmethacrylate was from Rohm AG
(Darmstadt, Germany). Cl8-Sep-Pac cartridges were obtained
from Waters Associates (Milford, Massachusetts, USA). Affin-
ity-purified rabbit anti-mouse IgG antibodies and peroxidase-
conjugated goat anti-rabbit IgG were purchased from Jackson
Immunoresearch Laboratories Inc. (West Grove, Pennsylva-
nia, USA). Rat anti-mouse IgG antibodies conjugated with
fluorescein isothiocyanate were from Boehringer. Silylation
reagents pyridine, trimethylchlorosilane, and hexamethyldisi-
lazane were of silylation grade and obtained from Pierce (Rock-
ford, Illinois, USA). For gas chromatography, a Hewlett &
Packard model 5890A chromatograph equipped with 12 m fused
silica capillary column, flame ionization detector, and integrator
model 3392A, was used.
Cell culture and tissue processing
Brain, kidney, adrenal gland and other tissues were obtained
from adult Sprague-Dawley rats (200 to 400 g; Department of
Bacteriology and Immunology, University of Helsinki). Bovine
kidney samples were obtained from a local slaughterhouse. For
immunofluorescence staining experiments the tissues were snap
frozen in liquid nitrogen, as described elsewhere [31. For
ganglioside extraction the tissues were either used immediately
or stored at —20°C until used. Rat pheochromocytoma PC-12
cells were from American Type Culture Collection (ATCC CRL
1721). The cells were grown in 250 ml cell culture flasks
obtained from Costar (Cambridge, UK), using RPMI 1640
medium (Gibco Biocult, Paisley, UK) with 10% fetal calf serum
(Gibco), 5% donor horse serum (Flow Laboratories, Irvine,
UK), penicillin 100 EU/ml, streptomycin 100 ig/ml, and L-glu-
tamate 2 mivi (Nordvac, Stjärnholmen, Sweden) [18]. For gan-
glioside extraction, the cells were scraped off with a rubber
policeman, washed with PBS and stored at —20°C until used.
Monoclonal anti-podocyte antibodies
The monoclonal mouse anti-rat podocyte antibodies have
been characterized earlier [3, 4]. The antibodies of the clone
27A were of IgG3 isotype, while the anti-podocalyxin antibod-
ies of the clone 5A, used as controls, were of IgGi isotype.
Immunofluorescence microscopy
For the immunofluorescence experiments, 5 tm cryostat
sections were cut from rat or bovine tissues, or cytocentrifuge
slides were prepared from suspensions of the PC-l2 cells. The
tissues or cells were fixed for 10 minutes in acetone at —20°C,
washed with PBS, and incubated sequentially with the mono-
clonal antibodies and the fluorescein isothiocyanate-conjugated
rat anti-mouse IgG antibodies. Preparation of tissues, staining
of tissue sections, the IF microscopy, and photography were
performed as previously described [3].
Isolation of glomeruli from rat kidneys
Glomeruli were isolated from adult rat kidneys as described
[4], with slight modifications. The kidney cortices were re-
moved, minced into a paste with a razor blade and suspended in
PBS containing the following protease inhibitors: pepstatin A (1
mM), antipain (1 mM), benzamidine (1 mM), and phenylmethyl-
sulfonyifluoride (1 mM). The mixture was pressed sequentially
through sieves of 250 sm and 150 pm mesh openings, and after
washing with PBS the glomerular fraction was collected from a
sieve with 60 pm mesh openings. The purity of the isolated
glomeruli was more than 95% (glomeruli/all particles), as de-
tected by light microscopy.
Isolation and purification of gangliosides from cells and
tissues
For ganglioside extraction, the tissues or cell pellets were
homogenized in 3 vol of water at 0°C, 15 vol of chloroform!
methanol (1:2 by volume) was added and the mixture was
stirred for 30 minutes at room temperature [19]. After centrif-
ugation for 10 minutes at 2000 rpm, the pellet was re-extracted
in the same volume of chloroform/methanol/0. 1 M aqueous KC1
(5: 10:4 by volume). The two supernatants were combined and
partitioned according to Folch, Lees and Sloan-Stanley [20]
with slight modifications. Chloroform and water were added to
the supernatant to the final concentration of chloroform!meth-
anol!water (8:4:3 by volume). After thorough shaking and
phase separation the upper phase was collected. The lower
phase was rewashed twice with methanol/0. 1 M aqueous KCI
(1: 1 by volume). The three upper phases were combined,
evaporated to dryness with a rotatory evaporator, and dis-
solved in a minimum amount of water by sonication. The
solubilized material was desalted by dialysis against water for
24 hours, or if the starting material was less than I g of fresh
tissue or a cell pellet, by using C18-Sep-Pac cartridges [21].
After drying with the rotatory evaporator, the crude glycolipid
extract was dissolved in chloroformlmethanollwater (30:60:8
by volume) and chromatographed on a DEAE-Sephadex A-25
column. The column was eluted either isocratically to recover
total gangliosides, or stepwise to obtain mono-, di-, or polysia-
loganglioside fractions [22]. For these a column of 3 ml bed
volume was equilibrated with chloroform!methanol/water
(30:60:8 by volume) and the crude ganglioside fraction was
applied to the column. Neutral lipids were eluted with 40 ml of
the equilibration solution. Total gangliosides were then recov-
ered with 50 ml of chloroformlmethanol/0.8 M aqueous sodium
acetate (30:60:8 by volume). To purify disialogangliosides from
bovine kidney glycolipid extracts, a column of 45 ml bed
volume (1.5 x 25 cm) was used. After applying of the kidney
extract into the column, the neutral lipids were eluted with 50
ml of chloroform!methanol/water (30:60:8 by volume) and 100
ml of methanol. The mono- and disialogangliosides were then
eluted sequentially with 150 ml of 0.05 M and 150 ml of 0.1 M
sodium acetate in methanol, respectively, after which the
polysialogangliosides were recovered with 200 ml of 0.3 M
sodium acetate in methanol. The ganglioside fractions were
desalted by using Cl8-Sep-Pac cartridges.
Thin layer chromatography
The gangliosides were separated on TLC-plates, using chlo-
roforrnlmethanoll0.25% aqueous KC1 (60:40:10 or 50:40:10 by
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volume) as solvents. The hexoses were stained with orcinol!
H2S04-reagent. For immunostaining, the plates were treated as
described [19] with slight modifications. The dried TLC-plates
were soaked for one minute in 0.1% polyisobutylmethacrylate
in hexane to gain a hydrophobic surface and dried at room
temperature. Nonspecific binding was blocked by incubating
the plates for 30 minutes in 0.5% BSA in PBS (wt/vol). The
plates were then first incubated for one hour with 27A culture
supernatants or with 5A supernatants, used as a negative
control, washed thoroughly in BSA-PBS, and further incubated
for one hour with rabbit-anti-mouse IgG. After washing and
incubation for one hour with peroxidase conjugated goat-anti-
rabbit IgG, the plates were washed with PBS and the color
reaction was generated on the plates with 3' ,3-diaminobenzi-
dine in 50 msi Tris-HC1, pH 7.6 (3 mg/10 ml) containing 0.3%
H202. All the antibodies were diluted in 0.5% BSA in PBS
(wt/vol).
For gas liquid chromatography the 27A antigen was isolated
by preparative thin layer chromatography from a bovine kidney
disialofraction [23]. Briefly, the TLC-plate was prerun with the
solvent chloroform/methanol/0.25% aqueous KC1 (50:40: 10 by
volume), and after drying the plate a wide lane of bovine kidney
disialofractjon was applied on the plate and separated by
chromatography using the same solvent. The ganglioside bands
were visualized by a brief exposure to iodine vapor and the
antigenic band was detected by an immune overlay study of a
narrow lane of the plate. After iodine had sublimated away, the
antigenic band, marked with a soft pencil, was scraped off and
extracted twice with chloroform/methanollwater (10: 10: 1 by
volume) and purified with C18-Sep-Pac cartridges. The two-
dimensional TLC runs, with overnight ammonia vapor treat-
ment to destroy 0-acetyl groups, were carried out as described
[24].
Gas liquid chromatography (GLC) of neutral hexoses and
sialic acids
The GLC analysis of the sugars of the isolated 27A ganglio-
side was carried out as described [25], with slight modifications.
The dried ganglioside samples were first methanolyzed for 18
hours at +85°C in 500 sl of methanol containing 0.5 M HC1, the
carboxyl acids were extracted by washing three times with 500
d of hexane and the samples were neutralized by adding 50 mg
of silver carbonate. After an incubation of 15 minutes in the
dark, 150 pi acetic anhydride was added and the samples were
re-N-acetylated for 18 hours at room temperature. Then the
mixtures were centrifuged, the supernatants were dried under
nitrogen flow, and trimethylsilylated for 30 minutes with pyri-
dine/hexamethyldisilazane/trimethylchlorosjlane (10:2: 1 by
volume). After drying under nitrogen flow, the samples were
dissolved in small amounts of hexane and chromatographed
using Glc, Gal, GIcNAc, Ga1NAc, Fuc, and NeuAc as stan-
dards and myo-inositol as an internal standard.
Chemical 0-acetylation of gangliosides
For chemical 0-acetylation of gangliosides [26], the ganglio-
side standards (20 pg of each) were dried under nitrogen flow in
screwcapped glass test tubes and 250 pi of pyridine was added.
After a 30 minute incubation at 50°C, 150 pi of N-acetylimida-
zole in pyridine (10 g/d) was added. After sonication, the
mixture was incubated for 24 hours at 50°C and the reaction was
stopped by evaporation under nitrogen flow. The acetylated
gangliosides were purified on C18-Sep-Pac cartridges and ana-
lyzed by TLC as described above.
Periodate oxidation of gangliosides
For periodate oxidation of the 27A antigen [27], a small
amount of the bovine kidney disialofraction was dried under
nitrogen flow in a glass test tube and 1 ml of ice-cold 0.1 M
sodium acetate buffer pH 5.5, containing 0.15 M sodium chlo-
ride and 10 m sodium periodate, was added. After sonication
the mixture was incubated in the dark for 15 minutes at 0°C and
the reaction was stopped by adding 4 ml of 10 m glycerol in
water. The oxidized gangliosides were purified with C18-Sep-
Pac cartridges, as described above.
Results
Distribution of the 27A antigen in rat tissues
As we have recently described in detail [3, 4], the monoclonal
antibody 27A is specific for glomerular podocytes in adult rat
kidney. As shown in Figure 1A, 27A antibodies bind only to
glomeruli in adult rat kidney. On screening other adult rat
tissues by the immunofluorescence technique, only adrenal
medullary cells (Figure 1B), the cells of the pancreatic islets of
Langerhans, some cells of the sympathetic ganglia and of the
cerebellum were found to be positive (data not shown). The 27A
antigen was also detectable in a subpopulation (1 to 5%) of the
cells of the rat pheochromocytoma cell line PC-12 (Figure IC).
The 27A antigen is a ganglioside with two negatively-charged
groups
Our preliminary studies showed that incubation of the cry-
ostat sections of the kidney with sialidase or methanol, but not
with acetone or trypsin, removed immunoreactivity in indirect
immunofluorescence [5]. This gave us a reason to search for
sialic acid-containing lipid antigens. Immunostaining of the thin
layer chromatograms of the total lipid extracts of isolated rat
glomeruli gave a positive reaction. From these extracts, the
antigenic lipid separated by Folch's partitioning into the upper,
polar phase, suggesting that it is a glycolipid, and from this, by
ion-exchange chromatography into the charged fraction. In
addition, the antigenic band on thin layer chromatograms could
be stained both with orcinol and resorcinol, suggesting that it is
a ganglioside.
To obtain larger amounts of the antigen, we screened kidneys
of some other animal species by IF, and found that bovine
kidney also contained reasonable amounts of the 27A antigen.
For analytical studies, dialyzed glycolipids obtained by Folch's
partitioning from a bovine kidney lipid extract were fraction-
ated on DEAE-Sephadex A-25 column into neutral, mono-, di-,
and polysialofractions. Analysis of these by TLC and immune-
overlay showed that the 27A antigen had eluted in the disialo-
ftaction, indicating that the antigen contained two intact nega-
tively charged groups (Fig. 2, lanes 2 and 7).
The 27A antigen has a TLC-mobility of a
monosialoganglioside
On thin layer chromatograms of the ganglioside extracts of
bovine kidney, rat glomeruli, rat adrenal glands, or PC-12 cells,
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Fig. 1. Immunofluorescence micrograph demonstrating binding of 27A IgG to rat kidney (A), to adrenal gland (B), and to PC-12 pheochromo-
cytoma cells (C). (A) The two glomeruli show positive staining, while the tubuli and peritubular capillaries of the background are totally negative.
(B) In the adrenal gland, the antibodies bind only to the medullary cells (M), and not to the cortical cells (C). (C) Only a subpopulation of the PC- 12
cells express the 27A antigen. The cells in the background are not stained (arrows). Note the typical granular staining pattern (B and C).
Acetone-fixed cryostat sections (A and B) or cytocentnfuge preparations (C) were stained sequentially with the monoclonal antibodies and
FITC-conjugated rat anti-mouse IgG. (A, x80; B, x400; C, x400)
I II I
Fig. 2. Staining for hexose (A) or for the 27A
antigen (B) of the thin-layer chromatograms
of renal, adrenal, or brain gangliosides.
Lanes 1, 6, and 11 rat brain ganglioside
mixture supplemented with GM3, GM2, and
GD3. Lanes 2 and 7, bovine kidney
disialofraction; lanes 3 and 8, total
gangliosides from rat glomeruli; lanes 4 and 9,
total gangliosides from rat adrenal glands;
lanes 5 and 10, total gangliosides from PC-12
cells. Note the binding of 27A IgG to a double
band with about identical mobility in the renal
and adrenal samples. Only a minority of the
PC-12 cells express the 27A antigen and after
hexose staining the corresponding band is
barely visible (lane 5). In rat brain the
antibodies bind to another antigenic
ganglioside.
the 27A antigen migrated between GM 1 and GM2 in the neutral
solvent system (Figure 2). The immunoreactive regions con-
sisted of at least two bands and the TLC-mobilities of the
antigenic bands differed slightly depending on the source of the
antigen, possibly due to difference in the lengths of fatty acid
side chains of the ceramide moieties in the individual ganglio-
sides. Control chromatograms incubated with 5A supernatants
did not give positive reactions.
The antigenic epitope is alkali labile
The TLC mobility of the 27A ganglioside in the neutral
solvent system was typical for monosialogangliosides. How-
ever, the antigen eluted in the disialofraction from the bovine
kidney glycolipid extract. This discrepancy suggested that the
27A ganglioside may be a disialoganglioside with modified
0-acetylated sialic acids, or a monosialoganglioside with an
additional sulfate group, as these are the most usual natural
modifications in gangliosides. We tested for the presence of
alkali labile modifications in the 27A antigen by using two-
dimensional TLC with intermediate ammonia vapor treatment,
which removes alkali labile 0-acetyl groups. The mobility of the
27A antigen of both the bovine kidney disialofraction and the
rat glomerular total ganglioside fraction changed after treatment
with base to that of GD3 ganglioside (Fig. 3). In addition, the
treatment with base also destroyed the antigenic epitopes, as
demonstrated by the lack of binding of 27A IgG to the lipids of
the bovine kidney disialofraction after the ammonia treatment
of the TLC-plates (data not shown). This shows that the epitope
recognized by 27A IgG contains at least one alkali labile group.
The sugar moiety of the antigen contains only glucose,
galactose, and sialic acid
The monosaccharides of the sugar moiety of the 27A antigen,
isolated by preparative TLC, were analyzed by gas liquid
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Fig. 3. Demonstration of alkali lability of the
27A antigen. Two-dimensional TLC with
intermediate ammonia treatment of total
gangliosides from rat glomeruli (A) or bovine
kidney disialofraction (B). The rings indicate
the points of origin of the first TLC-runs of
the kidney gangliosides and of the rat brain
ganglioside standards included in the second
runs (innermost lanes). The directions of the
runs are indicated by arrows. After the first
run the plates were treated overnight with
ammonia vapor to destroy the 0-acetyl groups
possibly present in some gangliosides. Their
removal slows down the chromatographic
mobility of such gangliosides in the second
TLC-run. Note that after the base treatment,
the 27A ganglioside (arrowheads) comigrates
with the GD3 ganglioside standard in the
second run.
chromatography as trimethylsilyl derivatives. The only hexoses
found were glucose and galactose, in the molar ration of 1:
(Fig. 4). N-acetylneuraminic acid was present, but the method
used did not allow a quantitative analysis of sialic acids or their
derivatives. 0-acetyl groups also decompose in methanolysis,
so this procedure was not suitable for their analysis either.
The 27A antigen is O-acelyl-GD3
To identify the alkali labile groups present in the 27A gangli-
oside, we chemically 0-acetylated a set of standard ganglio-
sides with the mild acetylating agent, N-acetylimidazole. The
gangliosides tested were GM3, GM2, GM1, GD3, GD1a, GD2,
and GT1b, none of which reacted with 27A IgG in their native
form. The reaction products were analyzed on TLC by hexose
staining and immunostaining of the chromatograms. The only
derivatized ganglioside that bound 27A IgG was GD3 (Fig. 5,
lanes 4 and 7). It should also be noted that only a fraction of the
GD3 ganglioside was 0-acetylated in this experiment, as shown
by the hexose stained panel (the main hexose band with slowest
mobility represents unreacted GD3 ganglioside). The chemical
0-acetylation produced many reaction products, only two of
which were strongly immunoreactive. The other bands with
faster TLC-mobility probably represent derivatives in which
the hydroxyl groups of glucose and galactose moieties were also
0-acetylated. It is interesting that after 0-acetylation, the major
27A positive derivative of GD3 has the same TLC-mobility as
the natural 27A antigen. Probably it represents an 0-acetylated
product with only one 0-acetyl group, as suggested by its slow
TLC-mobility when compared to the other 0-acetylated deriv-
atives. The chemical 0-acetylation did not produce 27A antigen
positive products from any of the other gangliosides tested.
This result agrees with the finding that the removal of alkali
labile groups from the 27A antigen changed its TLC-mobility to
that of GD3 (Fig. 3). Based on these results, the antigenic
determinant contains at least one, and possibly only one,
0-acetyl group. However, additional 0-acetyl groups do not
prevent binding of 27A IgG to the antigenic determinant, as
suggested by the many immunopositive derivatives produced in
the chemical 0-acetylation of GD3. Mild periodate oxidation of
bovine kidney disialofraction did not destroy the antigenicity of
the natural antigen, as detected by TLC-immuno-overlay (data
not shown), suggesting that the terminal sialic acid is 0-acety-
lated to the 9-carbon.
Fig. 4. Gas-liquid chromato grams showing the monosaccharide com-
position of the carbohydrate portion of the 27A antigen. A shows the
chromatogram of the 27A antigen isolated by preparative TLC, while B,
C, and D show the chromatograms of glucose (glu), galactose (gal), and
N-acetylneuraminic acid (sia) standards, respectively. In each panel,
myo-inositol (i) was used as an internal standard.
Discussion
We have recently described a novel membrane antigen,
detectable only in the glomerular podocytes of adult rat kidney.
Here we show that this cell-type specific 27A antigen is an
0-acetylated form of the 0D3 ganglioside. In addition, we show
that in other rat tissues the antigen is detectable in the adrenal
medullary cells and in some other cells of neural or neural crest
origin.
Our preliminary studies indicated that the 27A antigen was a
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Fig. 5. Thin-layer chromatography of natural and chemically 0-acety-
lated 27A antigens. A is stained for hexose and the B for the 27A
antigen. Lane 1, rat brain ganglioside standards; lanes 2 and 5, bovine
kidney disialofraction; lanes 3 and 6, 27A antigen isolated from bovine
kidney; lanes 4 and 7, chemically 0-acetylated GD3. Note that only a
fraction of GD3 is 0-acetylated by the procedure (lane 4). The 0-acety-
lated variants, but not the native GD3 (main hexose band, lane 4) react
with 27A IgG (lane 7). Note that 0-acetylation produced an immunor-
eactive band with fast TLC-mobility, barely visible after staining for
hexoses. This band may represent a GD3 with 0-acetyl groups also in
the glucose and galactose moieties, changing it more hydrophobic and
thus enhancing its TLC-mobility.
sialic acid containing glycolipid [5]. In this study we have
further characterized this unique glycolipid expressed by rat
renal podocytes. The antigen eluted exclusively in the disialo-
fraction from bovine kidney glycolipid extracts, which means
that it contained two intact, negatively charged groups. How-
ever, its TLC-mobility was between GM1 and GM2 ganglio-
sides, which is typical for monosialogangliosides. To resolve
this discrepancy, we analyzed the purified antigen by gas
chromatography and found that it contains only glucose and
galactose as neutral sugars in the molar ratio of 1: 1. It also
contains N-acetylneuraminic acid, but not hexosamines or
fucose. The only known gangliosides with this sugar structure
are GM3, GD3 and GT3, the TLC-mobilities of which differ
from that of the 27A ganglioside. This suggested that the antigen
must be a modified ganglioside. The most usual ganglioside
modifications are extra sulfate groups, 0-acetylations of the
hydroxyl groups, and lactonizations, characterized by the in-
tramolecular ring formation between carboxyl and hydroxyl
groups. Sulfate groups add, and lactone rings remove, negative
charges from the respective ganglioside [281. However, the
lactone formation reaction is reversible and sensitive to even
mild basic conditions [29]. 0-acetylations do not change the
charges of the gangliosides, but diminish their polarity, and thus
change their TLC mobility. After mild base treatment of the
antigen, its TLC-mobility changed to that of GD3, and it also
lost its antigenicity. This means that the 27A ganglioside has to
contain one or more alkali labile modifications. The only
possible alkali labile gangliosides with equal proportions of
glucose and galactose, and with two negative charges could be
sulfated 0-acetylated GM3, 0-acetylated GD3, and a lactone
form of GT3. However, both the lactonized and sulfated
modifications of the 27A reactive ganglioside can be ruled out
by their mobility in two-dimensional TLC. After ammonia
vapor treatment, neither delactonized GT3 nor de-O-acetylated
sulfated GM3 would comigrate with GD3, as observed for the
27A antigen. Therefore, we conclude that the antigen recog-
nized by the 27A IgG must be an 0-acetylated GD3.
The sialic acids have carbon atoms available for extra
0-acetyl groups in positions 4, 7, 8, and 9. The effectiveness of
different sialidases on gangliosides is strongly influenced by the
0-acetyl groups: 0-acetylation at the 4-carbon totally prevents
the effect of all known sialidases, including the Vibrio cholerae
sialidase [301. This markedly diminished 27A-reactivity of renal
glomeruli in our IF experiments, excluding the possibility of
0-acetylation at the 4-carbon of the terminal sialic acid [61.
Kamerling et al [311 have shown in their interesting studies of
spontaneous non-enzymatic migration of the 0-acetyl groups,
that very mild basic conditions do not significantly de-O-
acetylate sialic acids, but rather induce the migration of
0-acetyl groups from the 7-carbon to the 9-carbon, possibly
through the 8-carbon. The 0-acetyl groups at the 4-carbon are
not influenced by these conditions. At pH 8.5 and at 37°C, the
t½ for the migration from the 7-carbon to the 9-carbon is six
minutes. In our experiments, the bovine kidney disialofraction
was incubated for 45 minutes at pH 8.5. This should change
more than 99% of 7-0-acetyl and 8-0-acetyl isomers to 9-0-
acetylated sialic acids. However, no change in the 27A-positiv-
ity was noticed (Reivinen, unpublished observation). Mild
periodate oxidation of sialic acids produces C7 and C8 deriva-
tives of these molecules. However, if sialic acids are 0-acety-
lated to the 9-carbon, this completely inhibits the formation of
aldehyde derivatives [32]. Incubation of the 27A antigen with
sodium periodate did not destroy its antigenicity. Taken to-
gether, our data suggest that the 0-acetylation site of the 27A
positive ganglioside is located at the 9-, instead of the 7- or the
8-carbon of the terminal N-acetylneuraminic acid. This is
further supported by the finding that our antibody binds to
cryostat sections of human melanoma tissues, and to the human
melanoma cell lines G-361 and MC-793 (Reivinen, unpublished
observations). 9-O-acetyl-GD3 has been reported to be a spe-
cific marker of human melanoma [33].
27A IgG binds weakly to at least one ganglioside in adult rat
brain (Fig. 2, lanes 6 and 11). This migrates in TLC near the
GD3 standard, and is thus different from the 27A antigen of the
kidney. In adult rat brain tissue, 9-O-acetyl-GD3, the major 27A
antigen, is known to be expressed only in very small quantities
[34]. Reinhardt-Maelicke et al [35] have recently compared
three monoclonal antibodies, RB 13-2, Dl. 1, and JONES, which
are known to bind mainly to 9-O-acetyl-GD3. In their studies of
fetal rat brain, all these antibodies recognized 9-O-acetyl-GD3
as the major antigen, but RBI3-2 and Dl.l also bound to some
minor alkali labile gangliosides present in the developing rat
brain. The mobility of the 27A-reactive band in the adult rat
brain resembles that also recognized by RB13-2, Dl.l and
JONES antibodies, suggesting antigenic similarities in the ter-
mini of the complex gangliosides having slower TLC-mobility.
Chemical O-acetylation of standard ganglioseries gangliosides
notably changed only GD3 to 27A-positive variants. This sug-
gests that the terminal 0-acetylated sialic acid is necessary, but
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not sufficient alone for the antigenic epitope. Probably the
epitope recognized by 27A IgG is composed of several
monosaccharide units. Whether such carbohydrates could also
occur in glycoproteins is not known.
The 103 kD protein precipitated from glomerular extract by
27A IgG might be a glycoprotein with a shared sugar structure.
However, this is unlikely as 27A IgG did not bind to any
glomerular proteins in Western blotting [31, suggesting that the
antibodies do not directly react with glomerular proteins.
Manuguerra, DuBois and Hannoun [36] have shown that 9-0-
acetyl groups of glycoproteins survive SDS-PAGE and immu-
noblotting procedures. Alternatively, the 27A-reactive ganglio-
side may have affinity to the 103 kD protein. In favor of this
interpretation, a variety of such protein-glycolipid interactions
have been described during the last few years. Thus, many
growth factor receptors have been shown to interact with
regulatory gangliosides 1$, 37]. The EGF-receptors of human
epidermal carcinoma cells even copurify with GM3, their
regulatory molecule, reflecting strong interactions [38]. Stallcup
et al [13, 34] have also recently shown that in mitotic cells of the
developing rat brain, GD3 and 9-O-acetyl-GD3 gangliosides
colocalize with the fibronectin receptor, and may regulate its
affinity for fibronectin.
Levine, Beasley and Stallcup [39] reported that the monoclo-
nal anti-9-O-acetyl GD3 antibody D1.l bound to endothelial
cells in cryostat sections of rat kidney. In careful immunofluo-
rescence and immunoelectron microscopic studies with 27A
IgG [3], we have shown that this antibody binds only to
glomerular podocytes, and not to endothelial cells. This appar-
ent discrepancy may be due to slight differences in the antigenic
epitopes recognized by the two antibodies, or perhaps to a cross
reaction of the polyclonal goat anti-mouse IgG conjugate used
by Levine et a! with rat IgG at the surface of endothelial cells.
To avoid this we have used FITC-conjugated rat anti-mouse
IgG conjugates in the IF experiments.
GD3 and 9-0-acetylated GD3 are important during organo-
genesis of the kidney [40, 41], but their presence or functions in
adult kidneys have not been studied. Our results show that the
recently described membrane antigen 27A specific for rat
glomerular podocytes is a GD3 ganglioside 0-acetylated most
probably at the 9-carbon of the terminal sialic acid. The high
cell-type specific expression of the ganglioside is interesting,
although at present nothing is known of its putative functions in
podocytes. The 27A antigen may not, however, be essential for
the podocyte specific functions in other animals, as in human
kidneys it is expressed in the juxtaglomerular cells and in
bovine kidney in the distal tubules (Miettinen, unpublished
observations). Binding of 27A IgG to rat podocytes in vivo
induced rapid morphological changes in their foot processes [3],
suggesting that these components of the outer leaflet of the
plasma membrane may be associated with other cell membrane
components capable of signal transduction into the cells. We
are currently trying to identify such associated glomerular
proteins.
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